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ABSTRACT 

An experienced person, in such tasks as sonar 
detection and recognition, has a considerable superiority over a 
machine recognition system in auditory pattern recognition. However, 
people require extensive exposure to auditory patterns before 
achieving a high level of performance. In an attempt to discover a 
method of training people to recognize auditory patterns in an 
expeditious fashion, fifteen methods of teaching identification of 
complex sonar-like sounds were compared- These included whole and 
part methods in which subjects were trained on samples of whole 
sounds, received pre- training on components of the sounds, or were 
exposed to components in the context of whole sounds. The conditions 
included variations in the order in which training items were 
presented and in the kinds of verbal instruction given. Overall, the 
various part methods were not superior to training on whole sound 
items. The best of the part methods drew attention to only one 
feature of the whole sound. Some systematic orders of presentation 
showed no advantage over random order presentation. Verbal 
instruction drawing attention to cues and their value in 
classification did not prove effective. Among the various 
combinations of training procedures and state-of-the-art training 
techniques, the critical ingredient seems to be amount of exposure to 
instances of the recognition classes to be learned. (Author/JY) 
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FOREWORD 



This report deals vath aspects of auditory pattern perception which 
remains a poorily understood area of human performance. The ex- 
perienced human pattern recognizer, in such tasks as sonar detection 
and recognition, still maintains a considerable superiority over a 
machine recognition system. However, the hiunan requires extensive 
exposure to auditoiy patterns before achieving a high level of 
performance. 

This investigation represents a rigorous attempt to discover a 
"method” of training the human to recognize auditory patterns in an 
expeditious fashion. Specif icalily, the enhancement of learning 
this type of skill was the objective of several experiments. In 
general, no significant differences vrare formd among groups of 
subjects trained under several methods. All groups attained fairly 
high levels of recognition skill vath no apparent or compelling 
advantage for any one training method. 

The implications to be derived from this study are that the development 
of an improved training device to teach sonar recognition skills must 
avra.it the development of a more complete understanding of the recognition 
process. (This report should be a valuable guide to future vrork in this 
.area in that it shows many of the more conventional approaches to aiding 
learning of this nature do not make much difference and may be 
inappropriate, ) 

This exhaustive effort has treated only the acquisition problem of 
the auditory pattern recognition skill in sonar-like tasks. Further 
work will be required to assess the value of training methods in 
this area in terms of longer term retention. Finally, before 
recommendations for device development are clear, there must be 
some demonstration of the transfer of the human's learning in the 
synthetic recognition situation to a variety of opeiational 
settings. 




Research Peychologist 
Naval Training Device Center 
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SECTION I 

INTRODUCTION 

Despite recent advances in engineering and cybernetics the 
human operator is still superior to automatic "iystems in the ability 
to recognise complex patterns. The passive sonar operator, althou^ 
aided by highly sophisticated equipment still has to make Important 
judgments concerning the nature and origin of the sounds he hears,' 
one of his main objectives being to classify the sound source as, 
for example, a submarine or a cargo ship. This investigation is 
not concerned with any actual sonar system but with the general 
problem of classifying very complex auditory inputs and in particular 
how auditory recognition skills are acquired. Similar problems 
occur in vision, for exan5>le, aircraft recognition, and probably in 
many industrial tasks especially those involving inspection and fault 
finding. 

Perceptual learning has, until recently, received rather less 
attention thAti the acquisition of motor skills and verbal responses. 

Hebb (1949) raised the general question of if and in idiat manner we 
learn to perceive and E. J. Gibson (1953) reviewed work on the effects 
of training on perceptual efficiency. Experience with realistic or 
"live" material seems particularly ioportant. Gibson had shown how 
sheer experience with the material can result in inproved accuracy of 
judgment and in sonar Mackie and Harabedian (1964) found greater 
transfer value from more realistic (often noisy) materials. Wallis 
(1965) drew attention to the perceptual nature of many of the changes 
which occur during the acquisition of skill and attempted a survey of 
the conditions under which perceptual lea rn i n g occurs. He stressed 
demonstration of the relevant cues embedded in the complex vdiole by 
such methods as drawing attention to one cue at a time and using 
materials in which such cues are presented ’’prominently". Trainees 
may even be required to acknowledge which cues they are using explicitly 
but as practice proceeds this analytic approach should be gradually 
relinquished such that the perceptual judgments become more immed.\ate 
less consciously analytic. As in most other forms of trai n i n g 
knowledge of results is said to have an important role in correcting 
"misperceptions". Overall the process of learning to identify complex 
patterns is seen by Wallis as a blend of analytic and synthetic 
processes. Initially the complex stimuli are approached analytically 
by attention to cues and features but these must eventually be 
synthesised in a whole, more or less immediate, identification, just 
as a learner might at first laboriously classify a plant by reference 
to the shape of its leaves the distribution of petals etc. but the 
experienced botanist immediately recognises a rose as a rose. 

Allan (1957, 1958) contrasts analytic with synthetic training 
methods in eiircraft recognition. The classic WEPT method (wings, 
engine, fuselage and tail) especially emphasises systematic practice 
in recognising defining features in a quite explicit manner. On the 
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other hand, Renshaw's flash system in vrhich 'whole' sample stimuli 
are presented taohistoscopically especially emphasises recognition 
of total patterns ab initio . Gibson (1947) concluded that 'whole' 
methods were "slightly less efficient" than methods which emphasised 
feature analysis. Allan evaluated the Sargent system of aircraft ^ 
recognition training which contains some aspects of feature 
recognition with emphasis on whole patterns. A few very clear 
key pictures axe presented along with a booklet of 120 pictures of 
4 alrcr^t types in various attitudes and at various distances. 

The trainee learns by sorting these into each of the 4 types 
referring to the standard key pictures. This method turned out 
to be more successful than the WEPT type training. Subjectively, 

Allan reports, "I was aware of knowing a shape without being able 
to describe or draw the details". It would seem that both the 
inspection of distinctive features and experience with the whole 
patterns are inqportant elements in training. 

This change from attention to features to more global 
characteristics as a function of training and experience also emerges 
from a study by Silver et al. (1965) of the cues used by r^ar 
operators at diffeirent levels of proficiency. "As pj?oficiency 
increases there is a tendency to collapse simple judgmental 
dimensions into more con5>lex continuat that is proficient 
controllers tend to judge similarity in terms of overall relational 
properties rather than single stimulus attributes". 

Work in auditory pattern recognition training (apart from speech 
perception) is contained in rather few studies. Swets (I962) and 
Swets et al. (I964) and also Sidley et al. (1965) have investigated 
the value of KETin learning to identify meaningless complex sounds. 

The Swets studies revealed that a prompting or cueing technique was 
more effective than sinqple KR whilst Sidley et al. showed that KR 
could be more effective if there were some temporal overlap with the 
auditory signal. A series of studies by the present author 
(Annett (1966), Annett and Clarkson ( 19 ^ 4 ]^ Annett and Paterson 
(1966, 1967) ) generally confirmed the equivalence of KR and cueing 
in learning auditory detection and discrimination skills. 

Mackie and Harabedian (I964) investigated the effects of realism 
in sonar training materials finding the greatest transfer to the 
operational task from the higjiest degree of realism, that is, using 
'noisy' sea-recorded sounds rather than simplified synthetic stimuli. 

Corcoran et al. (I968) conducted a set of experiments with the 
aim of establishing which of the many possible variables are 
iB5)ortant in training for passive sonar classification. Specifically 
they enquired into the type of verbal instruction which should accompa^ 
auditory training, whether any advantage is to be gained by a systematic 
ordering of sample sounds, whether training items should be easy or 
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difficult, whether KR or cueing is preferable and the extent to which 
generalisation occurs from training materials to a wider range of 
sounds. Using synthetic sonar-like sounds eight training conditions 
were compared. In brief, some difficulties were found to be 
associated with the verbal labels applied by instructors to the sounds 
the trainees were learning. These were only helpful if they success- 
fully conveyed to the trainee the actual parameters of the sounds to 
which response must be made. Systematic ordering, consisting of changing 
only one stimulus characteristic at a time when moving from one sound 
item to the next was found more effective than random order presentation. 
Progressively increasing the difficulty of items showed no advantage but 
alternating noise-free with noisy recordings did. KR was slightly but 
not significantly superior to cueing and transfer and generalisation 
were demonstrated from the training materials used. 

From this brief review it is clear that rather more research into 
the processes of learning to identify complex auditory patterns is 
desirable. Some of the main points are as follows: 

(1) A fully developed recognition skill seems to involve enhanced 
perception of the whole characteristics of a complex stimulus 
whilst at the earlier stages recognition is more analytic in 
the sense of relying on the isolation of distinctive features 
or cues but there remains some doubt as to whether "whole" 

or "analytic" methods get the best results overall. 

(2) The relationship between the stimulus and how it is described is 
somewhat idiosyncratic and the expert's description is not 
necessarily meaningful to the novice. Instruction seems an 
obvious way of drawing attention to defining features yet an 
over intel lectualised approach seems incompatible with the 
"immediacy" of successful pattern recognition. 

(3) On the whole "realistic" materials are preferable but judicious 
use of some noise-free samples may be of some advantage, 
possibly by teaching the trainee to attend to relevant features 
or cues. 

(4) KR and prompting or cueing are probably equivalent. Probably 
the only essential requirement is that the trainee shall know 
the "name" of the sound he is hearing or has just heard. 

(5) There may be some advantage in non-random ordering of samples. 

Again this may relate to methods of attending to defining 
features and cues. 
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The sum total of unambiguous information on the problem is by 
no means impressive and the process by which recognition skills are 
achieved remains rather tnysterious. The present investigation 
attempts to look further into some of these issues, in particular 
the problem of how attention to limited aspects of the total complex 
stimulus may aid recognition, the role which verbal instruction may 
play, and some more possibilities of non-random ordering of materials. 
The question of KR vs. cueing is regarded as settled and the 
recommendation that realism is desirable is essentially undisputed. 
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SECTION II 

PLAN OF THE INVESTIGATION 



Part and Whole Methods 



The preceding review indicates that some form of part training 
which draws attention to features of coir<plex stimuli would be 
advantageous, at least in the early stages. This'study is concerned 
with two contrasting approaches to part training; the first is called 
part-synthetic and the second, part-analytic . 

Part-synthetic represents a conventional approach to the problem. 
Training begins by teaching the subject to make accurate judgments 
about cues isolated from the rest of the total sound complex. In 
passive sonar the most obvious breakdown is by source of the sounds, 
for example, propeller cavitation, engine noise, various other noises 
such as those caused by machinery on board, shaft squeal and so on. 
The part-synthetic method is progressive, building up the whole 
sound from its previously learned constituent parts. Discriminable 
cues are added to the total sound as the trainee becomes proficient 
in using them and finally he learns to arrive at a classification of 
the whole sound on the basis of all relevant cues. The part- 
synthetic method is virtually the auditory equivalent of the WEFT 
aircraft recognition system. 

The part-analytic method, by contrast attempts to draw attention 
to features whilst retaining the context of the whole sound. This is 
achieved by taking "whole" sound samples and, for a short period, 
attenuating unwanted features. For example, for part of the listening 
period the trainee hears a "whole" warship and then the sound of the 
propeller only, followed by the whole sound again. Since the major 
difficulty with most part training methodsis how to recombine the 
parts successfully the part-analytic methods might facilitate transfer 
to the final test situation. 

Whole Methods . In the present context "whole" methods constitute 
any form of training in which subjects are exposed only to complete 
complex sounds. Training method can vary considerably in other 
important respects such as the type of verbal instruction, order in 
which sound samples are presented and so on. 

The Role of Verbal Instruction 



Verbal instruction could be useful to the trainee in at least 
two ways. Firstly verbal descriptions, provided they were appropriate 
to the auditory material, might be used to identify relevant features 
or cues. If the subject performs hi3 own analysis of a complex sound 
an appropriate set of verbal labels might help to focus attention on, 
for example, the rhythmic character of cavitation sound or an almost 
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masked propeller shaft squeal. Secondly verbal instructions might 
be used to help the trainee make appropriate classification judgements 
by drawing attention to the "cue value" of various characteristics. 

For example it could be helpful to know that echo-ranging is (for the 
purposes of this experiment) only associated with warships and sub- 
marines. Providing the subject is capable of learning various 
relevant characteristics, a verbal scheme, listing the characteristics 
of each type of 'target' could be an explicit aid to classification. 

Installation of both types and of varying degrees of detail 
were used in these experiments. 

Ordering of Training Items 

The order imposed on a set of training materials is partly 
determined by other features of the training method. For example, 
the part-synthetic method implies a progression such that training 
on one characteristic, such las propellers, is completed in a batch 
of trials before training on the next, for instance engines, is begun. 
But sound samples can be ordered not only by relevant features but by 
target classification. For instance in the "whole" methods alternat- 
ing samples of warships and submarines can be used to sharpen up the 
discrimination. 

The baseline conditions presented sound samples in random order, 
but depending on whether the whole, part-synthetic or part-analytic 
method was being used the effects of introducing various non-random 
orders were investigated. 

Choice of Methods for Comparison 

A very large number of possible training methods would result 
from systematic combinations of whole and part with different types 
and levels of instruction and different orderings of training materials 
but at least some combinations are not practical propositions. For 
this reason a conventional systematic design involving the three main 
variables at several levels was not really appropriate and only those 
combinations which constitute a practical teaching method were used. 

Training research is aimed at finding a "best method" but there 
is a risk that statistically significant results can be obtained by 
using a weak control, for example, the standard lecture versus a 
programmed text. In order to minimise this danger, three preliminary 
experiments were carried out on variations of each of the three main 
methods (Whole, Part-Synthetic, Part-Analytic). In each of these pilot 
experiments, designated PI, P2, and P3, several versions of the above 
methods were compared in order to establish a feasible and non-trivial 
version for later comparison in the main experiment. 
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In the three pilot and one main experiment a total of I3 
different training methods were eioployed, Thrae axe deacribed in 
detail in section IV but first the physioal arrangements for producing 
training and test material are described. 






L ■’ 




7 



o 

ERIC 






13 wU 



NAVTRADEVCEN 67-C-0105-1 
SECTION III 

APPARATUS AND THE PREPARATION OF STIMULUS MATERIAL 

Apparatus 

All sounds used in these ejqperiments were synthesised in the 
lahoratozy by electronic and mechaxii.cal methods described below. The 
aim was to produce realistically complex sounds with the same general 
characteristics as passive soneo: but without any serious attempt to 
simulate actual ships or to emulate the features of any one sonar 
system. 

The part-synthetic and part-analytic methods required the use of 
sounds which could be decomposed into propellery engine and, other 
sounds. These were synthesised separately and stored on eight track 
tape on a VR-2800 recorder from which they could ve played back 
separately or in any desired combination. For some experiments signals 
were fed to subjects direct from the VR-2800 whilst in others, where 
aiccess to component sounds was not required, the sounds were transfe3?red 
to a more convenient mono-track tape. 



Preparation of Stimulus Material 



Propeller Cavitation 

The output of a Dawes white noise generator was passed throu^ an 
octave band filter inxo a two stage transistorised amplifier. The 
gain of the amplifier was modulated at various rates by a device 
consisting of a perspex disc with four splashes of black paint 
representing propeller blades, a ligiit source on one side and a photo- 
cell on the other and the disc rotated by a variable speed motor. The 
octave band filter was centred on 500 Hz for cargo ships, 1000 Hz for 
warships, 200 Hz for submarines and 4 OOO Hz for lig^toraft. 

The filtered noise was modi0.ated at rates between 60 and 100 r.p.m. 
for cargo ships, 100-200 r.p.m. for submarines, 200-300 r.p.m. for 
warships and 5 OO- 45 O r.p.m. for lightoraft to represent appropriate 
cavitation rates. 



Asynchronicity in multiple propellers was simulated by super- 
in^osing two sounds of the same pitch modulated at sli^itly different 
frequencies . 



tVi fflne Sounds 

These were obtsdned mixing sine waves, square waves and ramps with a 
purpose-built ring modulator and then filtered to produce a variety of 
whines, buzzes, roars and rumbles, some pulsed and some continuous and 
some rhythmic. The predominant pitch of warships and cargo ships was 
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low (warships being on average higher) and submarines and lifihtoraft 
hi^er still. Li^toraft engines were predominantly pulsed whilst 
submarine engines were more continuous and rhythmic., 



ghoft. Rnneal and Hull Hesonanoe 

Both these' '^sounds were produced in conjunction with the apparatus 
for produolnig propeller cavitation and so synchronised with shaft 
rotation; A short, hi£^i pulse (1000-2000 Hz) was used for squeal and 
a longer lower pulse (200-300 Hz) for resonance* 



Sonar 

Echo-ranging type sounds were made by regular pulsing of the output 
of an 800 Hz osoillatori 



Mftohpjaical Shin Sounds 

Irregular sounds representing the movement of cargo and on-board 
machinery were made by hitting a central heating radiator, recording at 
7i inches per second and replaying at 1^ inches per second. Flapper 
valves associated with snorkelling submarines were produced by the 
method suggested by Maokie and Harabedian* A hammer, held li^^tly, 

•was allowed to strike and bounce on a radiator thus producing a 
damped wave— trai-i of clanks* 



Sea Noise 

Vftiite noise passed through a variety of filters* 



Biological Sounds 

"Shrin 5 >o** were simulated by drawing a wire brush slowly across 
the face plate of a microphone and playing back the resulting crackling 
sound at half speed. **Porpoise” sounds were produced by rapidly 
twisting the dials of a medium frequency signal generator and over- 
driving the input to the tape recorder. ”Whale" sounds were low grunts 
and groans produced by playing a human voice recorded at 74 inches per 
second backwards at 15 ^ 6 th inches per second (the effect is ioqpressive 
if totally unrealistic). "Carpenter fish" sounds were produced by 
driving a loudspeaker in a resonant chamber by pulses from a multi- 
vibrator* 

These sounds were transferred to separate tracks on a VR-2800 
jmlti-track recorder in various combinations to create a library of 
120 ships, thirty in each of the four categories* Full specifications 
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of each sound axe available on request* 

It can be seen that there was no overlap between categories as 
regards propeller cavitation* Either the pitch or the cavitation 
rate couldy if correctly estimated^ identify the ship* Engine sounds » 
on the other hand, overlap considerably, particularly thoi^e of wairshlpa 
and cargo ships* Some sounds such as echo-ranging and flapper valves 
are specific to certain ship types but are not always present* 

Finally each complex sound contains the Irrelevant components of 
sea noise and often biological noises* Further details of the 
distribution of sounds amongst the ship types can be seen in the *'cue 
classification chart" shown in Appendix (h) used as part of the 
training materials in some conditions* 
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SECTION IV 
TRAINING METHODS 

RAndom Order - No Instruotiona - Method 1 » 

This was the baseline condition. Subjects were instructed 
that they would hear unfamilieu: sounds resembling; those made by 
ships heard throu^ underwater listening equipment) that these 
would be four typesi warshlpS) cargO) submarine and lig^toraft 
and that their task was to learn to discriminate between these 
types. In each session subjects had a proforma (Appendix (a) ) 
showing 4 columns of 20 ItemS) alternate columns being correctly 
labelled or blank. Each item was presented for I 3 seconds with 
a 10 second bluxik between items during which) in the test trlalS) 
the subjects placed V) C) S or LC against the stimulus number. 
Between runs of 20 the interval was 13 seconds. One session 
lasted under one hour and in the pilot experiment thezre were 
three such sessions and in the main experiment five sessions. 



Random Order - With Instructions - Method 2 . 

The stimulus material and training/testing regime was as for 

'Method 1 but subjects were given a sheet of "extra" 
instructions (see Appr- idiz (b) ) which summarised the features of 
the sound sources) such as propellers) and also summarised the 
sounds characteristic of the four ship types. In addition to 
these Instructions there was a further sheet (Appendix (c) ) which 
gave a detailed breakdown of the component sounds of each of the 
training items. Subjects were instructed to look at these whilst 
listening to the items and to try to make use of these cues in 
classification on the test trials. 



Ordered - No Instructions - Method 5 . 

This condition differed from Method 1 insofar as the training 
items were presented in alternating pairs. Thus over 3 sessions 
(6 sets of training items) the stimuli were presented V/LC) c/S; 

V/C) LC/S{ L/C) W/S. This means that each '^e of ship was heard 
with equal frequency in each of the 3 sessions. In session 1 

after the first 20 items (warships alternating with ll^tcraft) 
there was a 10 item test of these two types in random order. Then 
followed 20 cargo and submarine items with a 10 item test and 
finally a 20 item test with all four types in random order (Appendix 
(d) ). The same procedure was used for the second and thii^ 
sessions using W/L) and L/C) V/S, respectively. 
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Ordered - With Instructions - Method A . 



Same as for Method 3 but with instructions of the same type as 
given in Condition 2 (Appendijc (E)). 



Ordered Groups » No Instructions » Method 5« 

Due to l^e problem of accessing items on the library tape in 
experiment P3 (part-analytic) it was necessary to present items 
in sets of 3 of the same type* This condition was the same as 
Method 1 except for the grouping of items on training trials. 

Test triails consisted of the standard sets of 20 randomly ordered 
items. 



Random Order with additional practice on difficult items - Method 6. 

Warships and submarines proved to be the items most easily 
confused with each other. nils was the same as Method 1 
except that each training trial of 20 items contained 7 warships 
and 7 submarines with 3 cargo and 3 llghtcraft instead of 3 of each 
type (Appendix (f) ). 



Part-Synthetic Methods 



Methods 7. 8 and 9 . 

These methods can best be described in terms of seven stages 
which attempt to build up Identification skills by first teaching 
recognition of component ccunds. Methods 7i 8 9 consist of 

different combinations of these seven stages. 



Stage 1 

Subjects were played one whole sound (a warship) which was then 
broken down into its parts, propeller, engine, sonar and other ship 
sounds, background noises and sea noise, all heard in isolation. 
Subjects were then taue^t to identify propeller, engine, other ship 
sounds, biological ax)d sea noise, e^bibeard in isolation, A 12 
item test established that subjects'! could correctly identify these 
oon^onents in isolation. 
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Stage 2 

In the second sta^re subjects were taug^tf by the use of labelled 
exaiopleSf to distinguish between different cavitation rateSf pitch 
and the presence or absence of propeller asynchronicity. On 12 
propeller saoiples each characteristic was demonstrated in turn and in 
a further 12 samples all three characteristics were demonstrated for 
each item. This was followed by a ^ item test in which 
subjects were required to make the appropriate judgments of cavitation 
ratOf pitch and synchronicity. 

This procedure was repeated for the discrimination of 
engine characteristics f such as pitch) whether pulsed or, continuous 
and. whether rhythmic or non-rhythmio and again these discriminations 
were tested. The idLentifioation of other ship sounds and of 
biologicsP. sounds then treated in the same way. 

Up to this stage and with the exception of the first **whole 
soupd" item in Stage 1 all the conq>onents (propellerS) etc.) 
were heard in isolation in both training and test items and no 
mention' roade of different sMp types or the use of these 

cues in classifying sounds. 



Stage 3 . 

The next step.was to repeat the testing of Stage 2 with ^ole 
sounds. For example) subjects were required to make judgments 
of propeller cavitation rate) pitch and synchronicity in items 
consisting of propeller) engine and all the other sounds including 
sea noise. The tests were repeated for engines) other ship sounds 
and biological noises. 



Stage 4 . 

Subjects were provided with a pombined cue checklist (see 
Appendix (G) ). The list contained 20 items with a column for each 
feature that subjects had been taught to distinguish) e.g. propeller 
cavitation rate) pitch) etc. Subjects listened to the 20 items. For 
the first 10 the checklist was correctly completed whilst subjects 
had to complete the checklist for the second 10 items unaided. 
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Stage 5 . 

Up to this stage subjects 'could, vd-th a fa-ir degree of accuracy, 
distinguish all the relevant cues in an item but know nothing of 
how to use these cues to classify an item as belonging to any of 
the four categories of ship* Stage 5 taught classification as a 
separate exercise on paper withoui. listening to sound samples. 
Subjects were given a set of a^structions; the classification cue 
chart (Appendix (H) ) described how the cues they had been taught 
to identify could be used to classify whole sounds into the four 
ship typ68e Th6jr W6r6 also given a checklist (Appendix (l) ) 
showing 10 ships with all characteristics correctly checked off 
and the type of ship correctly idnntified and were required to 
work throu£d^ this. 



Stage 6 . 

Stage 6 consisted of a further classification exercise of 10 
training and 10 test items but with subjects listening to the actual 
sounds referred to on the paper checklist. Subjects were required 
to check off the components and to classify the whole sound. 



Stage 7 . 

The final test was identical to the final test in other 
conditions, that is 20 randomly ordered items to be classified in 
the usual manner without the aid of the checklist . 

Conditions 7, 8 and 9 (experiment P2) differed only in the 
number of stages employed. Method 7 consisted of Stages 1, 2, 3» 
5 and 7i Method 8 of Stages 1, 2, 3, 4> 5 and 7>and Method 9 of 
Stages 1, 2, 5» 5i ^ and 7» 

In all these conditions the training and testing was divided 
between three sessions of approximately one hour's duration on 3 
successive days. 



T.-im-i-hPH Synthetic - Method 10 . 

In Methods 7 , 8 and 9 the attempt was made to teach subjects 
about all the cues we had built into the sound saxnples. Not only 
was this a formidable list but some of the cues were of rather 
dubious value in classification. Strictly speaking it should be 
possible to distinguish the 4 categories on the basis of propeller 
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cavitation rate alone or even propeller pitch alone* The 
Synthetic method tau£^it only propeller sounds in 
Isolation and was extended over 5 sessions of approximately one 
hour ' s duration* 

Training; began with 20 training and 20 test items as in 
Method 1, the test items serving as the "pre-test”. Next came 
Stage 1 of the synthetic methods designed to demonstrate how the 
c^lex sounds broke down into components and to teach recognition 
of these con^onents. Training then concentrated entirely on 
propellers referring only to cavitation rate and pitch# , There were* 
20 cued training items followed by 20 uncued test items. 20 

training and 20 tost items were given with whole sounds, subjects 
still being required only to learn propeller cavitation rate and 

pitch. 

On the next session subjects vverp provided with a simplified 
classification cue chart (Appendix (j) ) which showed how ^e 
four ship types could be identified by correct judgments of 
propeller cavitation rate and pitch and they were given 12 practice 
and 20 test items. Further training sessions were then given on 
discriminating propeller characteristics both in isolation and in 
the context of whole sounds and this followed by further sessions 
with ttio limited classification cue chart using whole sounds and 
then training was extended over 5 one-hour sessions ending with 
the standard 20 items classification test without the aid of the 
checklist* 



Pull Synthetic - Method 11 . 

, This condition was an extended version of Methods 7 $ 8 9 

extended over 5 sessions but using a rather more restricted set 
of cues. (See classification cue chart, Appendix (K) ). Like 
Method 10 it began with 20 random tra in i n g and 20 random test 
items (whole sounds) and then proceeded to Stage 1 demonstrating 
the breakdown of the whole sound into its components* 

Next, discriminations of propeller cavitation rate and pitch, 
engine pitch and the other sounds wore taught using each component 
in isolation. There were 20 training and 20 tost items for 
propellers, 10 training and 10 test for engines ^d 10 tr^ning and 
10 test items for other sounds (mechanical and biological). In 
the next session the same training was repeated with whole sounds. 

In the next session classification was taught by a paper exercise 
involving the reduced classification cue chart (Appendix (K) ) 
finl^ 30 training and test items (Appendix (L) )• The first 10 
items were fully cued. In the next 10 the components were coraectly 
identified but subjects had to arrive at their ovm classification. In 
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the final 10, some chaxacteristics were»’inisidentified, that is 
to say the evidence was conflicting. Then followed a 20 item 
tr aining and test session listening to sound items. The first 10 
were fully cued and the second ten uncued. In the fifth session 
this training was continued with 20 training and 20 test items and 
this was followed by 20 training items of the conventional kind 
(i.e. only final classification was given) and then the standard 
20 item test. 



Part-Analytic Methods 



Part Sound. Analytic, Controlled Access - Method 12 . 

The part sound analytic methods made use of the facility 
provided by the VR-2800 recorder in which vdiole items could be 
played or by the use of switches either the subject or the 
experimenter could accentuate one channel by 4-^<lb for example, 
propeller or engine sounds, and attenuate all others by about 
2db. The aim was to point out useful cues whilst preserving the 
context of the whole sounds. The structure of the part-analytic 
methods resembled that of the whole methods in so far as it did 
not have the progressive stages of the synthetic methods, thus 
sessions consisted of two sets of 20 training and 20 test items 
with the access facilities available on the 20 training items 
only. Since only one VR-2800 was available the actual library 
tape had to be used and the items on this tape were in groups of 
warships, submarines, etc. It was not possible to access any of 
the 120 items at hig^ speed in a random order so samples were given 
in groups of 3 of the same type, e.g. 3 warships. Items were of 
13 seconds duration. 

In the controlled access method the middle 3 seconds of each 
item consisted of accentuating one channel and attenuating the 
others. The grouping into sets of 3 enabled subjects to hear the 
propellers, engines, other ship sounds, etc. for a set of 3 items 
of the same ship type . As before, training conisisted of cueing, 
that is telling the subjects', to what they were listening. Since 
propellers and engines contributed the most important cues these 
were accentuated more frequently than unimportant cues and 
irrelevant sounds. Propellers, ^glnes, etc. were accentuated in 
groups of 20. 

•This method was used in the pilot experiment (P3) in three . 
sessions and in the main experiment for 3 sessions, where there 
were 60 propellers, 60 engines and 40 other sc mds such as sonar 
and flapper valves, 20 training tri^s alternated with 20 test 
trials throu^out. 
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Pree Acoeas - Method 13_ » 

Subjects were provided with a set of labelled switches which 
enabled them to accentuate any of the channels at will rather than 
for the middle five seconds only* An event recorder provided a 
permanent record of how much time was spent listGiiing to each channel. 
20 training trials alternated with 20 test trials throufi^out. 



Free Access, extra instructicns - Ifethod 14* 

•This was identical to Method 15 except that subjects were 
Jgiven a sheet of jjtistructions indicating the relevance and 
reliability of the ilfferent cues for classification programmes 
(Appendix (M) ). 



Controlled Access, extra instructions - Method 15. 

This was identical to Method 12 but extra instructions were 
provided similar to those given in Method 14 (Appendix vM; 

This method was run for 3 sessions in the pilot experiment and 5 
sessions in the main experiment. 
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SECTION V 

THE PILOT EXPERIMENTS 

Sttb.ieota 

Subjects were recruited from various local sources, high 
school and university students of both sexes and members of a 
rugby club and their wives and girlfriends. They were paid 
7/6d. per hour. All were given a brief audiometric check and 
some volunteers were rejected and advised to visit their doctors 
for a more thorough examination. Experiment PI used 36 subjects, 
P2, 26 and P3, 20 subjects, all university students. 



Whole Sound Methods - Experiment PI 

This experiment compared Methods 1, 2, 3 and 4 over three 
training sessions, each comprising a total of 40 - training and 40 
test sounds including 20 samples of each of the four ship types, 
Corcoran et. al. changed one relevant characteristic at a time 
and concluded that "sounds which the trainee is likely to find 
difficult to distinguish should be presented alternately", not 
separated in time or by other sounds. If correct identification 
involves making comparisons, alternating pairs should show some 
advantage over random presentation. 

Therefore HYPOTHESIS 1 is that some 'ordered presentation is 
superior to random presentation. 

Corcoran et. al. also foxuid significant effects due to the 
type of verbal instruction given. Although their results only 
concerned the aptness of the verbal label to the sound, common- 
sense suggests that instructions drawing attention to features 
which form useful classification cues would be effective. 

HYPQTHR SIS 2 is that instructions are superior to no- 
instructions. 

Eaeh session included two 20-item tests in which subjects 
were required to classify each item as warship, cargo ship, 
submarine or lig^itcraft. The main results were in terms of the 
number of correctly iiontified test items but -inter-item con- 
fusions were also examined. 
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Results 

Table 1 shows the mean number of items correctly identified on tests 
2, 4, and 6 (the second test on each of the 3 daily sessions). A two-way 

TABLE 1. EXPERIMENT PI. MEAN NUMBER OF CORRECT RESPONSES (MAX = 20) 

ON THE SECOND TEST OF EACH DAHT SESSION 





Method 1 


Method 2 


Method 3 


Method 4 




(RNI) 


(RWI) 


(ONI) 


(OWI) 


Day 1 


7.33 


10.67 


10.11 


9.33 


Day 2 


9.44 


10.0 


10.22 


9.11 


Day 3 


13.33 


13.78 


13.67 


13.78 



analysis of variance (Table 2) shows that the average improvement (from 
about 505^ to about 705^) is highly significant. However, there were no 



TABLE 2. EXPERIMENT PL 2-WAY ANALTSIS OF VARIANCE ON TEST SCuRES 
FOR FOUR METHODS ON THREE SUCCESSIVE TESTS 



Source 


ss 


df 


MS 


F 


P 


Between S*s 
# 


445.2130 


35 








Methods 


34.99075 


3 


11.66358 


.9098352 


NS 


Subjects 
within groups 


410.2222 


32 


12.81944 






Within 

Subjects 


776.6667 


72 








Days 


401.6296 


2 


203.8148 


35.54148 


p <.001 


Methods X 
Days 


30.59258 


6 


5.098764 


.9641786 


NS 


Between S*s 
within Groups 


338.4444 


64 


5.288194 
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significant differences between groups, that is, Methods 1 to 4. The 
pattern on tests 1, 3, and 5 is> however, different and does indicate an 
advantage in favour of instructions . but since the final test 6 shows 
no difference this must be treated with caution. Since each of the items 
was used many times in the course of the experiments it was possible to 
estimate the difficulty of each. A detailed examination suggested that 
items in test 5 were rather less difficult than items in test 6, throwing 
some doubt on the suggestion of overall better performance of the con- 
ditions with instructions. The result of the pilot experiment was, 
therefore, that differences between conditions could not be definiteiy 
demonstrated. There was just a hint that the instructions may have been 
of some help but that this may be confined to the early stages of prac- 
tice. Thus hypotheses 1 and 2 were not supported. 

Experiment PI did, however, demonstrate that subjects could be 
taught to identify complex sounds and that exposure to labelled samples 
was possibly the most significant factor contribution to learning. A 
systematic ordering of training items had little discernible effect. 

Part-Synthetic Methods - Experiment P2 

Experiment P2 was carried out largely to establish a feasible technique 
for part-synthetic training. Three versions. Methods 7> 8, and 9 were com- 
pared in this experiment. Method 8 differed from Method 7 by providing an 
additional opportunity ^tage 4) to practise making judgments of complex 
sounds. Method 9 differed from Method 7 by having an additional classi- 
fication exercise listening to whole sounds. 

HYPOTHESIS 3 was that both these additions would show some advantage 
over the "minimum" Method 7» 

HYPOTHESIS 4 was that all three would be superior to Method 1 random 
order, no instructions. 

Each stage of the part-synthetic procedure was followed by a short 
test to ascertain that subjects had mastered the relatively simple dis- 
crimination at each stage. Only in the final test can the conditions be 
compared with each other and with results obtained in the other pilot 
experiments. 

Resiilts 



Table 3 shows the results of all the subjects for Methods 7$ and 
9. Note that at each stage quite high levels of performance were achieved. 
For example, on test 2. A the discrimination of propeller cavitation heard 
in isolation varied between 87^ and 9k% and this dropped only a little on 
test 6 where the same discriminations were made but in response to whole 
sounds. Engines were rather more difficult to discriminate. The "paper 
classification exercise" also gave high levels of performance. Clearly 
subjects could learn to identify the components of complc:: sounds using 
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TABLE 3. E3CPERIMENT P2 TEST RESULTS OF THREE GROUPS OF SUBJECTS 
COMPARING THREE PART-SYNTHETIC METHODS 
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the checklist. However, in tests 9# 9. A and the final test, performance 
drops sharply to about indicating the difficulty experienced by sub- 
jects in putting together the auditory discriminations and the decision- 
making elements of the task. The groups were compared in the final test 
hy a one-way analysis of variance (Table 4) but wore not significantly 
different and so hypotheses 3 and 4 were not accepted. 

table 4. EXPERIMENT P2 ONE-WAY ANAIYSIS OF VARIANCE 

ON FINAL TEST SCORES 



r 

Source 


S3 


df 


MS 


F 


P 


Methods 


0.9865417 


2 


.4932709 


.0567332 


NS 


, Error 


199.9750 


23 


8.694566 






Total 


200.9615 


25 









Part-Analytic Methods - Experiment P3 

This experiment compared Methods 5# 12, 13, and 14 and was again 
primarily exoloratory but based on the general hypothesis that part 
methods would be superior to whole methods and that part-analytic would 
show some advantage over part-synthetic by combining experience of whole 
sounds with the opportunity to attend to significant parts. 

HYPOTHESIS 5 was that Methods 12 and 13 are superior to Method 5. 

HYPOTHESIS 6 Method 14 is superior to Method 13. 

Furthermore, in accordance with the hope that instructions on the 
value of cues in classification would be beneficial it was predicted that 
Method 14 would be superior to Method 13. 

Results 



As in Experiment PI there were 6 20— item tests and group mean scores 
are shown in Table 5. A two-way analysis of variance (Table 6) showed 
highly significant improvement with practice. The improvement was com- 
parable with that achieved in Experiment PI although the range was a 
little greater from just under 505^ in test 2 to about 70^ in test 6. Al- 
though Method 14 which gave extra instructions came out best, differences 
overall were insignificant and hypotheses 5 aJ^d 6 could not be accepted. 
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TABLE 5. EXPERIMENT P3 ' MEAN OF CORRECT RESPONSES (MAX - 20) ON SIX 



SUCCESSIVE TESTS 


Method 


5 


12 


W • 




14 




(No Access) (Controlled 
Access) 


(Free Access) 


(Free Access ’ 
Extra Instructions) 


Test 1 


7.8 


7.2 


6.8 




9.4 


2 


8.6 


8.6 


7.6 




9.6 


3 


8.0 


10.2 


10.6 




11.0 


. 4 


11.2 


10.0 


9.2 




12.4 


5 


11.4 


10.6 


11.2 




11.0 


6 


13.0 


14.6 


12.6 




15.4 


N = 


5 


5 


5 




5 


' TABLE 6. 


EXPERIMENT P3 TWO-WAY ANALYSIS OF VARIANCE ON TEST SCORES FOR 
FOUR METHODS ON SIX SUCCESSIVE TESTS 


Source 


ss 


df 


MS 


F 


P 


Between S»s 362.4917 


19 








Methods 


55.09170 


3 


18.3639 


.9558308 




Subjects within 307.40 
Groups 


16 


19.2125 






Within Subjects 974*5 


100 








Trials 


455.3417 


5 


91.06834 15.83109 


.01 


Methods X Trials 58.95$31 


15 


3.930554 


.6S32775 


NS 


Between Subjects 460.2 
within Groups 


80 


5.7525 
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Conclusions from the Pilot Experiments 



The internal comparisons vdthin each of the three pilot experiments 
proved insignificant. However, the whole methods and the part-analytic 
methods vrould appear more successful than the part -synthetic methods. 

j Unfortunately P2, by reason of the progressive nature of the part- 

I synthetic methods did not include a pretest and comparisons were only 

i possible on the posttest. The mean number of sounds correctly classified 

in the combined group in PI (Whole) was 13.64, in P2 (Synthetic) was 10.04 
! and in P3 (Analytic) was 13.9 (Maximum = 20 in each case). A one-way 

analysis of variance (Table 7) showed this difference to be highly sig- 
! nificant. With the absence of a pretest control this difference could not 

be attributed definitely to difference in method but since there was no 
reason to suspect that the subjects in P2 were any worse than PI and P3 
the conclusion that the synthetic method was poorer has some justification 
i as a basis for attempting to devise more effective synthetic methods. 

I 
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TABLE 7. EXPERIMENTS PI, P2, AND P3 ONE-WAY ANALYSIS OF VARIANCE 

ON POSTTEST SCORES 



Source 


ss 


df 


MS 


F 


P 


Treatment s^f 


243.1281 


2 


121. 5640 


16.64202 


p ^.001 


Error 


577.0670 


79 


7.304646 






Total 


820.1951 


81 








The three 
conditions 


"treatments" are whole, part-synthetic and part-analytic, sub- 
being combined for the purpose of this analysis 



In PI no effect of ordered presentation could be detected but there 
was a slight suggestion that instructions had helped. In P2 the attempt to 
build up the classification skill in stages was almost a complete failure. 

In practical terms the training time (which was approximately the same for 
all 3 experiments) could have been better spent presenting large numbers of 
correctly labelled '’whole" items. The difficulty seems to relate to the 
combination of the separate skills of identifying cues and drawing con- 
clusions from the evidence. Both were attained satisfactorily but could not 
be readily combined, despite attempts in two of the three conditions to aid 
this process. The question therefore arose that maybe synthetic methods 
would be more effective in the longer terms with more consolidation of the 
components and more practice in combining them. 
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The results of P3 (Part-Analytic) seem to suggest that the isolation 
of elements gives no advantage over the tradn^ regime of PI ^ch it 
closely resembled in other respects. As in PI the data suggest that in- 
structions may be of some assistance and possibly only the small siae of 
the groups and the relatively short duration of training prevented these 
effects from shovAng up as statistically significant. With these points 
in mind the main experiment vas planned. 
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SECTION VI 
THE MAIN EXPERIMENT 
Conditions 



Two variations on each of the three main methods were selected 
for comparison in the main experiment. Representing the whole 
methods were Method 1, random order, no instructions, to provide a 
baseline of mi nimal training sophistication, and Method 6 in which 
additional samples of the most difficult categories were given. 

Since synthetic methods (?» 8 and 9) appeared to be markedly less 
effective two new synthetic methods, 10 and 11, were devised. 

The pilot experiment showed striking differences in performance 
between isolated judgments (Table 3, tests 6, 7 and 8) and tests 
requiring the combination of judgments into classification (tests 9» 

9a and lO). This suggests that the classic difficulty of part 
training, the combination of previously learned subskills, is at 
the root of the trouble. Method 10 was an attempt to deal with this 
by giving extensive pre- training on two highly reliable cues, 
propeller cavitation rate and pitch and ignoring other relevant but 
less helpful cues (such as flapper valves, sonar, etc.) Method 11 
(full synthetic) included training on all relevant cues. 

Representing the part-analytic methods was Method 12, (controlled 
access) which was used in P3 and a new Method 13 in which additional 
instructions regarding the cue value of isolated characteristics of 
the sound were provided. In the pilot experiment the data suggested 
that such instructions would be of some value. 

Finally the main experiment involved more subjects in each group 
and training was extended from three sessions to five. In addition, 
all groups, including 10 and 11 (synthetic) ware given standard pre- 
tests. 

The following specific hypotheses concerning 'v'ariations using 
t!'e methods were tested. 

HYPQTHRRTS 7> additional practice on the more confusable items 
will be beneficial, therefore Method 6 will be superior to Method 1. 

HYPOTHEoIS 8 t the combination of learned discriminations into 
a single complex judgment appeared to be the main reason for failure 
in synthetic methods, therefore pre-training on a limited range of 
relevant and reliable cues Method 10 will be superior to Method 11. 

HYPOTHESIS 9 : that part-analytic training which systematically 

draws attention to value of cues for classification will be superior 
to similar training without such instructions, that is Method 13 will 
be superior to Method 12. 
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HYPOTHESIS 10 ; finally, there is the general null hypothesis that 
none of these methods is superior to Method 1, whole sound, random order, 
no instructions. 



Sub.iects 

Subjects were recruited from university and high school students and 
members of a rugby football club - all young adults and initially naive 
to the task. They were subjected to audiometric screening. For various 
practical reasons relating to availability of both the subjects and the 
test equipment a completely random allocation of subjects to groups was 
not possible. However, a statistical check (described in the results 
section) allays fears that these groups might be subject to bias. A total 
of 71 subjects were tested. 

Results of Main Experiment 

The data were first grouped by subject source and one way analyses 
of variance were ♦ carried out on pretest and posttest scores. Table 8 
shows that there were no significant differences due to subject source 
so the subjects were treated as an homogeneous set. 

TABLE 8. MAIN EXPERIMENT. ONE-WAY ANALYSES OF VARIANCE ON (A) PRETEST 
SCORES AND (B) POSTTEST SCORES BETWEEN SUBJECTS RECRUITED FROM THREE 

DIFFERENT SOURCES 



(A) 

Pretest 


ss 


df 


MS 


F 


P 


Source 


Subject groups 


275.3652 


2 


137.6826 


.8303966 


NS 


Error 


11274.63 


68 


165. 8035 






Total 


11550.00 


70 








(B) 












Posttest 












Subject groups 


791.9336 


2 


395.9668 


1.8749 


NS 


Error 


14361.16 


68 


211.1936 






Total 


15153.10 


70 
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It is clear from the means (Table 9) that all methods resulted in 
substantial pretest and posttest gains. 

TABLE 9. MAIN EXPERIMENT. MEAN NUMBER OF SOUNDS CORRECTLT CLASSIFIED 

ON THE POSTTRAINING TEST 







Whole 


Part- 

Synthetic 


Part- 

Analytic 


Method 


1 


6 


10 


. 11 


12 


15 


Pre 


7.9 


7.6 


8.4 


8.0 


7.2 


9.2 


Post 


14.2 


13.3 


16.4 


14.2 


12.2 


14.8 


Adjusted 

Post 


14.226 


13.638 


16.441 


14.251 


12.275 


14.668 


N = . 


10 


12 


14 


13 


12 


10. 

— i 



An analysis of variance (Table 10) for all groups combined showed 
this to be highly significant. In short, all the methods worked. 

TABLE 10. MAIN EXPERIMENT. ANALYSES OF VARIANCE ON POSTTEST SCORES 



Source 


ssyy 


df 


MS 


F 


P 


Methods 


3183.5 


5 


636.70 


3.4556 


<.01 


Error 


11976.0 


65 


184.25 






Total 


15160 


70 
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Next an analysis of co-variance (Table ll) was carried out with pre- 
test results as the co-variate. 

TABLE 11. MAIN EXPERIMENT. ANALTSES OF CO-VARIAMCE ON POSTTEST SCORES 



Source 


ssxx 


ssxy 


ssyy 


ssyy 


df 


MS 


F 


P 


Methods 


651.49 


1012.4 


3183.5 


2782.3 


5 


556.45 


3.0571 


<.025 


Error 


10899.0 


1887.6 


11976.0 


11649.0 


64 


182.02 






Total 


11550.0 


2900.0 


15160.0 


14432.0 


69 









All pairs of (adjusted) posttest means were compared by Tukey's method 
and only one difference emerged as significant at the 5 % level, namely that 
between Method 12 (part -analytic, controlled access, no instructions) and 
Method 10 (limited synthetic) 10 was the best of all Methods and 12 the least 
effective. Thus it appears that hypotheses 7, 8 and 9 were not supported. 

In the whole Methods, 1 was slightly, but not significantly, better 
than 6 which gave extra practice on difficult items., 

The limited synthetic. Method 10, was better than full synthetic. 

Method 11, but not significantly so. It is, however, worth noting that the 
clear superiority of whole methods over synthetic found in the pilot experi- 
ments has been eliminated. This may have been entirely due to the greater 
amount of training given but the trend for better results vdien pretraining 
is given on a limited number of cues does seem to be present. To this 
extent, only, the data provided limited support for hj^thesis 8 . 

The extra instructions given in Method 15 produced a non-significant 
difference in the expected direction over Method 12. Thus although 
hypothesis 9 was not supported there was possibly a tendency for some 
beneficial effect of instructions drawing attention to the cue value of 
elements of the complex sounds. 

Finally hypothesis 10, that no method is superior to Method 1, whole 
sound, random order, no instructions, was tested by Dunnett's method in 
which the adjusted means of each group are compared with the mean of 
Method 1. None of these differences was significant and the null hypothesis 
cannot be rejected. 

Regressions were fairly small and adjusted y means, differ little from 
unadjusted means. From the analysis of varieince, differences between 
posttest scores were significant at p^.Ol. 
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DISCUSSION AND CONCLUSIONS 

That people can learn to identify previously meaningless 
coinplex sound patterns is beyond doubt but how they do so is still 
an open question. This series of experiments represents an 
atteii 5 )t to throw some light on how this skill is achieved and so 
suggests which training techniques are likely to be most efficient. 
Broadly there seem to be two types of approach to both the theory 
and practice of patteim recognition, one emphasising wholes and 
one en^jhasising parts or features. The "whole" approach suggests 
that patterns are recognised by matching to a template. The 
template itself is built up by experience and is based on an 
accumulated store of impressions derived from a standard or set 
of standard examples. The Sargent method of aircraft recognition 
emphasising the inspection of many samples without any attempt at 
analysis is consistent with this approach. On the other hand, 
the recognition by the identification of specific features has its 
attradtions as a theoretical position. A major problem of the 
template theory is its apparent rigidity. Any pattern recognition 
model must be capable of correctly classifying widely different 
versions of the standard as the same. For exanple, a single 
template to recognise letters, such as a battery of photocells, 
cannot cope with a letter which is rotated through a few degrees 
for the pattern will just not matbh the template, whereas a system 
which recognised angles, curves and straight lines (or any other 
eet of "features") could, by combining evidence from different 
feature analysers, reach a "decision” about the likely identity of 
the stimulus despite a number of variations in specific features. 
Feature testing theories are currently popular (c.f. Nei sser , 196?) • 
In practical temns a training method such as the classb WEFT system 
of identifying aircraft by reference to the features of wings, 
engines, fuselage and tail is consistent with the feature testing 
approach. Feature testing is also intuitively plausible. In 
attempting to say how one recognises an object there is a natural 
tendency to refer to defining features to explain the act of 
recognition. This seems true of the early stage of learning to 
classify, say insects or flowers but is less true of well practised 
tasks, such as recognising the faces of one's friends. 

The present set of experiments represents a fairly determined 
attempt to find some way in which feature testing could be applied 
to developing a practical method of teaching the identification of 
complex (sonar-like) sounds. Various kinds of part practice and 
instructions have been used to attempt to draw attention to defining 
features, such as propeller cavitation rate, although spontaneous 
analysis of complex sounds clearly does not arise easily and in 
practice overall impressions carry some weight. Fifteen different 
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training methods have been tried in this series of experiments 
and although these by no means exhaust all the possibilities the 
basic result is that sintple whole methods prove to be as effective 
as any of those vdiich attempt i in one way or another, to draw 
attention to identifying features of complex stimuli. _The subjects 
behaved much as mi^t be expected on a tes^late matching theory. 

The most potent factor leading to improved performance was sheer 
experience of labelled sauries of the four categories of sound to 
be identified. Both the best and the worst results were obtained 
from methods vdiich attempted to emphasise features. These were 
Method 10 (limited synthetic), where subjects were trained to 
listen to one aspect of the total sound complex which gave a 
reliable cue to the identity of the ship, and Method 12 (analytic 
controlled access) which broke down the con 5 )lex sound into its 
parts without giving explicit instructions about the cue 
significance of the paa;ts. 

One of the most striking findings of the series was that 
subjects who could distinguish features at quite a hi^ level and, 
separately, could combine these into a judgment of identity 
(i.e. explicit feature testing at a conscious level) failed to 
combine these skills. It is true, however, that given rather 
more practice (Method 11 ) this difficulty was overcome. The 
result, however, was in no way superior to that achieved by the 
simple \diole methods. Nevertheless the most successful method 
was the synthetic where subjects concentrated on just one 

feature of the complex whole which was a defining attribute. 

It would be unwise to take these results as being any more 
than just "tending to support" a template theory for several reasons. 
One is that the "features" which were experimentally manipulated 
may not necessarily have been the "features" intuitively used by 
the subjects in identifying sounds. Secondly even if we were using 
the "rig^t" features (in this sense) it could be said that these 
were simply inaccessible to conscious manipulation. There could 
be a feature testing mechanism using "features" which we have not 
identified in these experiments or the mechanism mig^t not be 
susceptible to conscious effort. Be this as it may the practical 
training procedures %dxich a feature testing theory seems to 
suggest do not appear to offer any advantage over whole sound 
training. 

These results draw attention to certain problems which have 
been investigated by other workers. Whilst Corcoran et. al. found 
that some orders of presentation were better than others none of 
the quite plausible variations used have produced a striking 
effect. One cannot rely on intuition about order in this kind of 
material even if ordering is thought to be important in progress- 
ively developing subject matters such as are found in programmed 
mathematics courses. Secondly Corcoraui et. al. found that not all 
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sets of verbal labels were equally helpful. The present results 
suggest that eljiborate verbal explanations are not particularly 
helpful thus throwing doubt on what must be one of the most 
cherished illusions of instructors. If instructions are given 
they should be simple and, if possible , refer to the one best 
cue. Detailed instructions about a variety of cues cannot be 
dealt with adequately and may even depress overall performance. 
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CGUPLEX SODIOS* 



TESITIAFB Z. 



ANSWER TEST SHEET. 



SUBJECT No. 1 



Teat Ko. 



1 



BATE 



O 

ERIC 




U^UCTZONSi 



All sounda ore olauaified as V/arshlp (W), Cargo ohip (C), 
Subnarina (S), and light Craft (W). A freoh item ia 
presented every 25 aooonda preceded by on item number. 
Follow the iteoa on the teat eheet and try not to looe 
your place* Chook off the training itemo 1-20 and 
d1-60 as you hear them. Identify the teat items 
21-40 sni 61-60 by writin^r W| C, S of IC against the 
item number. If you don't know you must gueas* 

There will be a short pause after each aotii item to 
eheok that you have not lost your plaoe. 



Zten'Ko. 

1 1 


Class 1 
. w • 1 


Ztem No* 
21 
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61 


Glass 


2 1 


^ 1 


22 




42 


S 


62 




;j 1 


W 1 


23 




43 


S' 


63 




:4 \ 


S * 1 


24 




44 


LC 


‘ 64 




5 1 


0 • 1 


25 


1 


^5 


S 


65 




•6 1 


LC. 1 


26 




■ 46 


LC 


66. 





7 \ 


LC 


27 




47 


C 


67 • 




e 1 


S 


28 




46 


S 


68 




9 \ 


w 


1 29 




49 


LC 


69 




10 1 


s ' 


1 ^ 




50 


LC 


70 






• 








- 


1 

1 


1 •• 
1 


1 


1 0 . 


1 




• 51 


V 


71 




12 i 


1 ^ 


1 




52 


c 


72 




15 


s 


1 




53 


F 


73 




14 


1 ^ 


1 ^ 




54 


C 


74 




15 


1 


1 35 




55 


V 


75 




16 


1 ^ 


1 36 




56 


8 


. 76 




17 


1 ^ 


•. ' 37 




57 


W 


77 




io 


1 ^ 


38 




50 


V 


■ 78 




19 


1 ^ 


'39 




59 


LC . 


79 




20 


1 ^ 


40 




60 


C 


. BO 








1 , . 







36 



IftVTRADEVCEH 67 - 0 - 0105-1 



o 



( 



c 



o 

ERIC 






APPENDIX B 



37 






Hii'' 



NAVTRADEVCEN 67-C-0105-1 



extra ibstructiobs 



Th* following 0X0 • oeleotion of typlool aotindo uAo by four 
^eo of ahlp* 

Each aotuod oaa ha.vo the following ooapooeatBi- 



Propeller Sounds. 
Engine Sounile 



a pulsing "whooshi whooehi i^ooeh" et 
varying rates* 

various roars and minbles* huns and vhinasi 
sometimes with a rhythmio pulsing and 
varying from low to hij^ pitdh* 



Pronoller' Shaft 
Baueol and hull 
resonance 



Other Scunda 



a s<iueal is hi{^ in pitch and resonanoe ia . ^ 
a lower tone but both are regular and board 
every 4 th beat of the propeller* 

I 

Sonar 'pings' (i.e, regular bwats of tone 
at medium to hif^i frequenoios), meohaaioal 
olanks made by shipboard maohinexy* 



Irrelevant Soundfl 



Whistles, popping and orackling, gnmta and 
groans generated by marine animalo* 

General "sea noiee", a rushing hissing sound* 



This ohart shows the types of sound associated with ea^ t^e of ship* 

Shait 

_ and 

Propeller engina Resonanoe 



Warship 


Fairly fast 


Low to medium 
pitched roar 
■ or hum 


Sometimes 

present 


Cargo 


Slow 


Low rumble 
or roar 


Often 

present 


Submarine • 


Slow/ 

Uedium 


Usually a 
whine 


Oooaeional 

squeal 


‘Light 

Croft 


I^st 


Usually high 
pitched hum 
or whine 


IVoquent 

shaft 

squeal- 



Other 
relevant 
sounds 



Sonar often 
present* 
Ocoasionnl 
olanks* 

Sonar never 
present* 

Clanks oommon* 

Sonar oocaslon- 
ally present 
and some clanks 



Bo Bonnri 

occasional 

olanks* 
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CCUPLEX' S0DIIS6 
« 

SUBJECT NO. 



TEST TAPE 4. 



TEST NO. 



ANSWER TEST SHEET 
BATE 



' • TNSTimCTIOtiSt 



All Bounda ora oloosified os TTarohip (W)f Corgoship (C)» 
Submarine (s) or licht Craft (w). A fteeh item is 
presented evorj' 25 seconds. There rill be o pause * 
after itom JO, again after 50 and after item 60. Follow 
the items on the test sheet and try not to lose your plaoo. 
Tlie training items 1-20 ore alternately rarship and li^t 
craft. Choclc those off os you hoar them. Items 21 -JO 
are test items and can be either rarship or light craft. 

You must try to identify these by writing W or 1X5 againat 
tho uppropricite itom number* fftraining items 
alternately cargoahip and submarine and items 51**®0 
test items which you must identify as either 0 or S, 

Finally the test items 61-80 can be W, C, S or 1X5, i#^ any 
of the 4 categories you have hoard. If you do x»t anew 
the answers you must guess. 



43 

49 



Item No.. 
1 


Class 

W 


Item No. 
21 


Class 


Item No. 
41 


Class 

C 


Item No. 
61 


Claw 


2 


1X5 


' 22 
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COUliSC SODMS6 
OROOP !%• 

SUBJECT Ko. 




ANSVnS TEST SHEEI^ 



XMSTRUCTIONSl 



All aoundo ore cloaai^ied os VTorahip (W)» /.«\ 

Cernoahip (c), Subnorino (S) and Light Croft vl«j« 
A fwah item is presented every 25 oooonds 
preceded by on item nucibert Follow the items 
on the test sheet ond try not to lose your plooe* 
Cheok off the txroining items 1-20 ond 4 I- 6 O os 
you hoor them. Identify the test itoma 21-40 
ond 61-80 by writing V/, C, S or IC agoinat the 
item number. If you don't know you 
There trill be a short pause after oooh 20th item 
to check that you have not lost your place. 
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EXTRA lygrnvcnows 

Not all tho ooo 9 onont 8 *aro equollr h^pAil in oltfioir/in^ the 
oounda into the tovv types of uhipi heoauao noet of them ere not dollnit^y 
linked to one oerttin typo* 

The nut*ber boliind the oooq>on6nto in a meamuro (ranging 0 
to 100)t nhioh talDe you in how laony poroont of the oaae’a you would he oorroot 
if you identifiod 1 hia oon^onont ooxxootly* 

?or ex< mplo» if you got tho propellor rifiit (opeed or pitoh) your 
dlaoeifioation iCf in IOO;* of the oaooof oorreot* But if you oan't hoar ^e * 
propollor vory wolli booauoo it ia moolcod by the aotwnoioo (whioh io alvoya 
present) and liote;i inutcad to the pitoh of tho engino sound, you oon only, 
bo ooireot in 24^ «>f ilte ooeeo* 

Of oouvae you nood not lieton to ohly ona oonponent* 

Pkopelleri ioc^C 

T>to propellor (opood as rrell ae pitoh) io tho only ooopotient 
f*.*om whioh you can toll the type of ship in every, oaoe# 

Engine I 24^ 

Identifying oorreotly the pitoh of the engine you will be 
right in ^,^of the oasoe# . • 

Shaftnqiueili 109( 

All the ehipo nay or t&ay not have ehaftsqueali eo it doee 
not help you nuoh* 

Nsohanioal 

Soundei 195t ‘ 

Not of rauoh help* All types nay have it* 

Bonari 39?^ 

After the propeller this le the beat olue for olassifloalfloni 
1 ecauoe oorgoohip and llghtoraft never have it whereas 
tarohip and eubo^no often have eonar pings* 
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